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(54) A method for purifying exhaust gas of a diesei engine 



(57) According to the method of the present inven- 
tion. NO (nitrogen monoxide) in the exhaust gas of a 
diesei engine is first oxidized to NO2 (nitrogen dioxide) 
by an oxidizing catalyst (5). Further. cartx>n particles in 
the exhaust gas are trapped by a DPF (7) (diesei partic- 
ulate filter). The exhaust gas containing NO2 formed by 
oxidation of nitrogen monoxide is. then, fed to the DPF 
(7). and NO2 in the exhaust gas reacts with the cartx>n 
particles trapped in the DPF (7). When the NO2 reacts 
with cartx>n particles, cartXHi particles are oxidized 
(burned) by NO2 and removed from DPF (7), and. at the 



same time. NO2 is reduced to NO by the cartx>n parti-' 
des. The exhaust gas containing NO formed t>y the 
reaction between the cartx>n particles and NO2 is fed to 
an NQx at>soit}ent (9). In the Npx absorbent (9). NO is 
ak)sort>ed by the NQx absorbent (9) and. thereby, 
removed from the exhaust gas. Therefore, according 
this metfiod. the cartx>n particles collected by the DPF 
(7) can be easily burned by NO2, thereby being 
removed from the DPF (7) without increasing tiie 
amount of NO released to the atmosphere. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention ^ 

The present invention relates to a method for purify- 
ing the exhaust gas of adiesel engine. More specifically, 
the present invention relates to a method for purifying 
the exhaust gas of a diesel engine which is capable of 10 
removing both cartx>n particles and nitrogen oxide con- 
tained in the exhaust gas. 



2. Description of the Related Art 

A method for removing cart)on particles (i.e.. soot) 
from the exhaust gas of a diesel engine is disclosed in, 
for example. Japanese Unexamined Patent Publication 
(KbkaD No. 1-318715. 

In the 715 publication, an oxidizing catalyst and a 
DPF {diesel particulate filter) are disposed in the 
exhaust gas passage of a diesel engine, from the 
upstream side, in this order. The DPF is a filter for col- 
lecting and renrwving diesel particulates which mainly 
consist of carbon particles (l.a, soot) from the exhaust 
gas. In the 715 publication, NO (nitrogen monoxide) in 
the exhaust gas of the diesel engine is oxidized l)y the 
oxidizing catalyst and forms NO2 (nitrogen dioxide) in 
the exhaust gas. Therefore, exhaust gas containing 
NO2 f lowvs into the DPF This NO2 reacts with the cBXbon 
particles trapped in the DPF and. thereby, the cartjon 
particles are burned and removed from the DPF There- 
fore, the cartx>n particles are not accumulated in the 
DPF 

Heretofore, it is considered that a temperature 
higher than a normal exhaust gas temperature is 
required for burning tiie cart)on particles trapped in the 
DPF. However, the method in the 715 publication 
makes it possible to burn the carbon particles in the 
DPF at a tenrperature available in the normal operation 
of the engine (for example, less than 300**C) by reacting 
NO2 in the exhaust gas witii tiie cartx>n particles in the 
DPF. Therefore, no heating means such as an electric 
heater is required for healing the DPF in order to initiate 
combustion of the cartx)n particles. Thus, according to 
the method in the 715 publication, the carbon particles 
can be removed from the exhaust gas by a simple 
device. 

However, tiiough the method in the 715 publication 
can remove the diesel particulates in tiie exhaust gas, it 
cannot prevent nitrogen oxide in tiie exhaust gas from 
being released into the atmosphere. 

In the method in the 715 publication. NO2 in the 
exhaust gas burns the diesel particulates consisting of 
cartx}n particles by the reactions 



2N02 + 2C->N2 + 2<X>2 
. However, it was fourxi that the reaction 
2N02 + 2C->N2 + 2C02 

hardly occurs at a relatively low temperature (such as 
an exhaust gas temperature available in the normal 
operation of the diesel engine). Therefore. If the method 
in the 715 publication is applied to a diesel engine, a 
major portion of NO2 in the exhaust gas flowing into the 
DPF is converted to NO by the reaction 

NO2 + C -> NO + CO 



IS 



NO2 + C -> NO + CO 



and. 



and. thereby, the amount of NO in the exhaust gas 
released to the atmosphere increases. 

Further, since diesel fuel contains a relatively large 
amount of sulfur. SO2 (Sulfur dioxide) is contained in the 
20 exhaust gas of a diesel engine. Therefore, if an oxidizing 
catalyst is used for oxidizing NO to NO2 in the exhaust 
gas as in the metiiod in tiie 715 publication, SOa in tiie 
exhaust gas is also oxidized by tiie oxidizing catalyst 
and forms sulfate (SO3) in tiie exhaust gas. The sulfate 
25 in the exhaust gas is not collected by the DPF and is 
released to the atmosphere. Further, since sulfate is 
detected as particulate matter, the amount of the diesel 
particulates released to tiie atmosphere increases due 
to sulfate formed Ijy the oxidizing catalyst if the metiiod 
30 In the 715 publication is applied to tiie diesel engina 

SUMMARY OF THE INVENTION 

In view of the prol)lems in the related art as set fortii 

35 above, tiie object of the present invention is to provide a 
method for purifying tiie exhaust gas of a diesel engine 
which is capable of easily removing the diesel particu- 
lates collected by the DPF without increasing the 
amounts of nitrogen oxide and sulfate released to the 

40 atmosphere. 

This object is achieved by a method, for purifying 
the exhaust gas of a diesel engine, in wKch the method 
comprises a step for oxidizing nitrogen monoxide in the 
exhaust gas of a diesel engine into nitrogen dioxide, 

45 thereby fbrming nitrogen dioxide in the exhaust gas, a 
step for collecting cartx)n particles contained in the 
exhaust gas, a step for reacting nitrogen dioxide in the 
exhaust gas formed by oxidation of nitrogen monoxide 
witii the collected carbon particles, thereby oxidizing the 

50 collected cart>on particles by nitrogen (jBoxide in the 
exhaust gas and, at the same time, reducing nitrogen 
dioxide in exhaust gas to nitrogen monoxide, and a step 
for removing nitrogen monoxide formed by the reaction 
between nitrogen dioxide and the collected carbon par- 

55 tides from the exhaust gas. 

According to the present invention, diesel particu- 
lates in the exhaust gas of a diesel engine which is 
mainly consist off cart)on particles is collected, for exam- 
ple, a DPF Nitrogen dioxide formed by the oxidation 
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of nitrogen nnonoxide reacts with the collected cartx)n 
partides. and the cart>on particles are oxidized (i.e., 
txjrned) at a relatively low temperature. When nitrogen 
dioxide and the collected carbon particles react each 
other, cartx>n particles are oxidized to carbon monoxide 
or caxton dioxide and, at the same time, nitrogen diox- 
ide is reconverted to cartxm monoxide and nitrogen 
monoxide, respectively. In this embodiment, this nitro- 
gen monoxide is removed from the exhaust gas in the 
final step. Therefore, nitrogen monoxide is not released 
to the atmosphere. 

According to one aspect of the present invention, 
nitrogeri monoxide generated by the reaction between 
nitrogen dioxide and the casbon particles is collected by, 
for example, NOx absorbent which absort>s nitrogen 
oxide in the exhaust gas. Further, according to another 
aspect of tiie present invention, nitrogen monoxide gen- 
erated by tiie reaction between nitrogen dioxide and the 
cartx>n particles are reduced to nitrogen by, for exam- 
ple, an NOx reducing catalyst which has a capability for 
selectively reducing nitrogen oxide in the exhaust gas 
even in an oxidizing atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood 
from the description as set forth hereinafter, witii refer- 
ence fo the accompanying drawirigs in which: 

Fig. 1 schematically illustrates an embodiment of a 
device for conducting the method in the present 
invention when applied to an automotxie diesel 
engine; 

Fig. 2 is a flowchart illustrating a regenerating oper- 
ation of the DPF and the NOx absorbent in the 
embodiment In Fig. 1 : 

Rg. 3 is a flowchart illustrating a determination of 
conditions for carrying out the regenerating opera- 
tion in Fig. 2; 

Fig. 4 is a flowchart illustrating a setting operation of 
the values of counters used in the flowchart in Fig. 
3; 

Rg. 5 is a timing diagram illustrating timing for 
regeneration of the DPF and the NOx absoribent: 
Fig. 6 is a drawing similar to Rg. 1 which illustrates 
another enrixxliment of a device for conducting the 
method in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 shows an embodiment of an exhaust gas 
purificatfon device which utilizes the method of the 
present invention. 

In Rg. 1, reference numeral 1 designates a diesel 
engine for an automobile. Though a multiple cylinder 
diesel engine Is used in this entixxJiment, Rg. 1 shows 
one cylinder only. Numerals 2 arxi 3 designate an intake 
air passage and an exhaust gas passage, respectively. 
A fuel injection valve 4. which injects pressurized fuel 



into a comtxjstion chamber, is provided on each of the 

cylinders. 

In this errtxxJiment. an intake shutter valve 6 is dis- 
posed in the intake air passage 2. The intake shutter 

5 valve 6 is a type, such as a butterfly valve, which gener- 
ates low flow resistance when open, and is used for 
throttiing the intake air passage 2 to reduce the amount 
of intake air during the regenerating operation of the 
DPF. By reducing the amount of intake m, temperature 

10 of the exhaust gas becomes high, and combustion of 
the cartx>n particles in the DPF is facilitated. In Rg. 1, 
the numeral 6a is an actuator of appropriate type, such 
as a vacuum actuator or solenoid actuator, which opens 
and doses the intake shutter valve 6 in accordance with 

IS a control signal sup>plied by a control circuit 20. 

In the exhaust gas passage 3, an oxklizing catalyst 
5 for oxidizing NO (nitrogen monoxide) in the exhaust 
gas to NO2 (nitrogen dioxide), a DPF (diesel particulate 
filter) 7 for collecting the diesel particulates in the 

20 exhaust gas and an NOx absort^ent 9 for collecting 
(at)sorbing) NQx (nitrogen oxkle) in the exhaust gas are 
disposed in this order from the upstream end. The oxi- 
dizing catalyst 5, the DPF 7 and the NOx absorbent 9 
are explained later in detail. 

25 The control circuit 20 may consist of. for example, a 
microcomputer of a known type and comprises a CPU 
(a microprocessor) 21. a RAM (a random access mem- 
ory) 22, a ROM (read-only memory) 23, an input port 24 
and an output port 25 all connected each other by a bi- 

30 directional bus 26. The control circuit 20 performs tiie 
basic control of the engine 1 such as fuel injection con- 
trol. In this embodiment, the control drcuit '20 further . 
performs regeneration control of the DPF -7 and NOx 
absort)ent 9. In this embodiment as explained later, an 

35 operation for buming the cart^on-partksles (diesel partic- 
ulate) collected in the DPF 7 is referred to as "a regen- 
eration of the DPF**, arKJ an operation for causing NQx 
absort>ent to release the absorbed NOx referred to as 
**a regeneration of the NOx absorbent". 

40 In order to perform these types of control, an engine 
speed signal and an accelerator signal are supplied to 
the input port 24 of tiie control circuit 20 from the 
respective sensors not shown In the drawing. Further, 
the output port 25 is connected to the fiiel injection valve 

45 4 of the engine 1 and the actuator 6a of the intake shut- 
ter valve 6, respectively, via the respective drive circuits 
not shown in the drawing, in order to control the amount 
arvi timing of fuel injection and the operation of the 
intake shutter valve 6. 

50 The oxidizing catalyst 5 uses, for example, a honey- 
comb type suk>strate made of cordierite. On this sub- 
strate, an alumina l^er which acts as a carrier of the 
catalytic components is applied. In this embodiment, 
catalytic components of precious metals such as plati- 

55 num (Pt) or palladium (Pd) are attached to the alumina 
carrier. The oxklizing catalyst 5 oxidizes HC and CO in 
the exhaust gas when the air-fuel ratio of the exhaust 
gas is lean. Further, the oxkJizing catalyst 5 oxkJizes NO 
in the exhaust gas arxi converts it to NO2. In this 
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entxxJiment. the term "air-fuel ratio of the exhaust gas" 
means a ratio of the amounts of air and fuel supplied to 
the engine and at portions upstream of a considered 
point in the exhaust system. Therefore, when no sec- 
ondary air or additional fuel are supplied to the exhaust 
passage, the air-fuel ratio of the exhaust gas agrees 
with an operating air-fuel ratio of the engine (l.e.. an air- 
fuel ratio of the air-fuel mixture in the conrtxjslion cham- 
bers of the engine 1). 

Further, in this emlxxliment, an electric heater 5a is 
disposed on an upstream side end of the oxidizing cat- 
alyst 5. The electric heater 5a is activated in a condition 
in which the exhaust gas tenperature is low, such as at 
cold start of the engine, to heal the oxidizing catalyst 5 
to the activating temperature of tiie catalyst. The activa- 
tion of the electric heater 5a is controlled liy a control 
signal from the control circuit 20 supplied to a relay 5b 
of the electric heater 5a. As explained later, the electric 
heater 5a is also used in conjunction with the intake 
shutter valve 6 to raise the exhaust gas temperature 
when regenerating operation of the DPF 7 is conducted. 

DPP 7 is a honeycomb type porous filter made of, 
for example, cordierite. In tiie DPF 7. numerous exhaust 
gas passages are formed in parallel. Approximately haH 
of the exhaust gas passages are plugged at the 
upstream ends tiiereof , and the rest of tiie passages are 
plugged at the downstream ends tiiereoi The exhaust 
gas passages plugged at the upstream ends and tiie 
exhaust gas passages plugged at tiie downstream ends 
are disposed in the DPF 7 alternately. The exhaust gas 
of the engine flows into tiie DPF 7 through the passages 
having open upstream ends, and flows into ihe exhai^t 
gas passages having open downstream ends tiirough 
porous walls separating the exhaust gas passages from 
each other, and flows out from the DPF 7 through the 
passages having open downstream ends. Therefore, 
particles such as tiie carbon particles are collected by 
the porous wans of the DPF 7. In this embodiment the 
carbon particles collected by tiie DPF 7 are burned by 
NO2 in tiie exhaust gas as explained later. Therefore, to 
facilitate combustion of tiie collected carbon particles, 
oxidizing catalyst such as platinum (Pt) is attached to 
alunvna coating formed on the porous wall. 

The NOx absoibent 9 in this embodiment uses, for 
example, a honeycomb type substrate made of cordier- 
ite. On this sufcstrate. an alumina layer which acts as a 
can^ier of tiie catalytic components is appfied. On this 
carrier, precious metals such as platinum (R) rhodiuni 
(Rh). and at least one substance selected from alkali 
metals such as potassium (K). sodium (Na). litiiium (U) 
and cesium (Cs); alkali-eartii metals such as barium 
(Ba) and calcium (Ca); and rare-earth metals such as 
lanthanum (La) and yttrium (Y) is carried. The NOx 
absorbent 9 absorbs NOx (nitrogen oxide) in the 
exhaust gas when ttie air-fuel ratio of the exhaust gas is 
lean, and releases the absorbed NOx when the oxygen 
concentration of the exhaust gas flowing the NOx 
absorbent becomes lower. 

Though the mechanism of tiiis ak>sorbing and 



releasing operation of the NOx absorbent is not dear at 
present, it is ttiought tiiat the absorbing and releasing 
operation is conducted by the following mechanism. 
Though tiie fblkwing mechanism of tiie absorbing and 
s releasing operation of tifie NOx absorbent is explained 
for the case where platinum FX and barium Ba are car- 
ried on the carrier, as an example, H is ttiought that a 
similar mechanism also applies even if otiier precious 
metal, alkali metals, alkali earth metals, or rare earth 
10 metals are used. 

Namely, when ttie concentration of O2 in tiie 
exhaust gas increases, i.e.. exhaust gas becomes lean, 
the oxygen O2 in tiie exhaust gas is depc^ed on the 
surface of platinum Pt in the forni of 02* or The NO 
IS in the exhaust gas reacts witti O2 or O^" on the surface 
of the platinum R and becomes NO2 by tiie reaction 

2NO + 02^2N02. 

20 Then. NO2 in the exhaust gas and tiie NO2 produced on 
ttie platinum R are further oxidized on tiie surface of 
platinum R and absorbed into the NOx absorbent while 
bonding witii the barium oxide BaO and diffusing in tiie 
absorbent in tiie form of nitric acid tons NOa". Thus, 
25 NOx «n ^® exhaust gas is absorbed by the NOx- 
absorbent 9 when the air-fuel ratio of tiie exhaust gas is 
lean. 

On ttie other hand, when the oxygen concentration - 

in the exhaust gas becomes low. i.e., when the air-fuel 
30 ratio of ttie exhaust gas becomes stoichiometric or rich, 
ttie production of on ttie surface of the platinum R 
is lowered and ttie reaction proceeds In an inverse 
direction 

35 (NOa'^NOd 

, and thus nitric add ions NO3" in ttie absori3ent are 
released in tiie form of NO2 from ttie NOx absorbent 9. 
In this case. If a reducing substance such as CO, or 
40 a substance such as HC and CO2 exist in ttie exhaust 
gas, released NOx is reduced on ttie platinum R by 
ttiese components. Namely, ttie NOx absorbent 9 per- 
forms the absorbing and releasing operation of ttie NOx 
in ttie exhaust gas in which tiie NOx exhaust gas 
45 is absort^ed by ttie NOx absori^ent when the air-fuel 
ratio of tiie exhaust gas is lean and. released from ttie 
NOx at)sort3ent and reduced to N2 when the air-fuel 
ratio of ttie exhaust gas l)ecomes stoichiometric or rich. 
Since a diesel engine is used in tiiis embodiment. 
50 ttie air-fuel ratio of tiie exhaust gas in a normal opera- 
tion is considerably lean conpared to the stoichiometric 
air-fuel ratio (for example, an air-fuel ratio of about 30). 
Further, tiie exhaust gas at tiie outiet of a diesel engine 
contains a small amount of NOx (mainly NO) and a rel- 
55 atively large amount of tiie diesel particulates (carbon 
partides). This exhaust gas is first suppfied to ttie oxi- 
dizing catalyst 5. and NO in the exhaust gas is oxidized 
to NO2 by ttie reaction 
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2NO + -> 2NO2 

. Thus. NO in the exhaust gas is converted to NO2 by 
the oxidizing catalyst 5. 

The exhaust gas containing NO2, then, flows into s 
the DPF 7. where the carbon particles in the exhaust 
gas are collected by the DPF 7. A portion of the cartxjn 
particles collected by DPF 7 reacts with NO2 in the 
exhaust gas, and generates NO and CO by the reaction 

10 

N02 + C->N0 + C0 

as explained before. 

However, since the amount of NO emitted from the 
engine in the normal operation of the diesel engine is is 
smaller corrv>£U'ed to the amount of cartxm particles, 
and since the temperature of the exhaust gas In a nor- 
mal operation of the engine is low (for example, about 
200*'C). the reaction 

20 

N02 + C-^N0 + C0 

is rK>t very likely to occur in the normal operation of the 
engine. Therefore, collected carkx)n particles gradually 
accumulate in the DPF 7. Further, the exhaust gas flow- 25 
ing out from tiie DPF 7 contains NO2 which did not react 
witii the cartxwi particles and NO generated by the 
above-explained reaction. 

This exhaust gas, then, flows into the NOx absort)- 
ent 9. Since the air-fuel ratio of the exhaust gas of the so 
diesel ^gine 1 is lean in the normal operation, NO and 
NO2 in the exhaust gas are absorbed by the NOx 
absorberrt 9 as explained before, and removed from the 
exhaust gas. Therefore, the exhaust gas flowing out 
from the NO^ absort>ent 9 is practically free from NOx ^ 
and the cartx)n particles. 

Though the cartx>n particles and NQx are rennoved 
from the exhaust gas by the DPF 7 and Npx absorbent 
9, respectively, the cart>on particles and NO^ gradually 
accumulate in the DPF 7 arxJ NOx ak>sorbent 9. When 40 
the cart>on particles accumulate in the DPF 7, a pres- 
sure drop through the DPF 7 increases, and the engine 
output is lowered due to an increase in the exhaust back 
pressure. Further, when an amount of NOx accumu- 
lates in the NQx absorbent 9, the capability of the NOx ^ 
absorbent 9 for absort)ing NOx the exhaust gas 
becomes lower, and a portion of NQx in the exhaust gas 
is released to the atmosphere without being absorbed 
by tiie NOx absorbent 9. 

In order to prevent these problems, the DPF 7 and so 
Npx absorbent 9 are regenerated periodically in this 
embodiment. In the regenerating operation of the DPF 
7, the carbon particles accumulated in the DPF are 
tHjrned, and removed from the DPF 7. thereby, the pres- 
sure drop through the DPF 7 is reduced to a normal ss 
value. In the regenerating operation of the NQx absorb- 
ent 9. NOx absortDed by the NQx absorbent is released 
and, at the same time, reduced to N2, therefore, the 
NOx absorbing capability is resumed. 



Next, the regenerating operations of the DPF 7 and 
NQx absorbent 9 are explained. 

In this embodiment, the regeneration of the NQx 
ab6ort)ent 9 is conducted by shifting the air-fuel ratio of 
the exhaust gas to a rich air-fuel ratio side conpared to 
the stoichiometiic air-fuel ratio for a short period. When 
tiie air-fuel ratio of the exhaust gas becomes rrch, the 
concentration of O2 in the exhaust gas becomes lower, 
and the concentration of HC and CO in the exhaust gas 
becomes higher. Since the air-fuel ratio of the exhaust 
gas is rich, oxidation of HC and CO does not occur in 
tiie oxkiizing catalyst 5. Therefore, most of HC arxJ CO 
in the exhaust gas passes through tiie oxidizing catalyst 
5 and the DPF 7, and the exhaust gas containing a rel- 
atively small amount of O2 and a relatively large amount 
of HC and CO flows into the NQx ak)sorbent 9. When 
this exhaust gas flows into the NO^ at)sort>ent 9, NOx *^ 
released from the NOx at3sort>ent 9 arrd reduced by HC 
and CO in the exhaust gas, i.e.. the NQx absorbent 9 is 
regenerated. 

In this embodiment, the air-fuel ratio of the exhaust 
gas is enriched by injecting fuel from the fuel rnjectk)n 
valve 4 two times in every cycle of each cylinder. In the 
normal operation of the engine, the fuel injection 
amount TAU is determined by the control drcuit 20 in 
accordance with the accelerator signal (i.e., the amount 
of depresston of the accelerator pedal) and the engine 
speed based on a predetermined relationship. This 
amount of fuel is injected into each cylinder at a later 
stage In the oonrpression cycle. In the normal'operation, 
the fuel injection amount TAU Is determined so that the 
air-fuel ratio of the engine becomes considerably lean 
(about an air-fuel ratio of 30). It may be possible to make 
the engine operating air-fuel ratio rich by increasing the 
amount of fuel injected in the compression cycle. How- 
ever, if the amount of fuel injected in the compression 
cycle is inaeased, the engine output torque also 
increases by the amount corresponding to the 
increased fuel and, thereby, problems such as a torque 
shock or a reduction in the service lives of parts of the 
engine will occur. 

Therefore, in this embodiment, the engine operat- 
ing air-fuel ratio is enriched by injecting fuel from the 
fuel injection valve 4 in the exhaust cycle of each cylin- 
der in addition to the normal fuel injection at a Iciter 
stage of the compression cycle. When fuel is injected in 
the exhaust cycle, only a small amount of fuel is burned, 
and the engine output torque does not Increase. Fur- 
ther, most of the injected fuel is vaporized in the cylinder 
and discharged from the engine with tiie exhaust gas. 
This fuel is deconposed by the oxidizing catalyst 5 and 
generates a large amount of HC and CO in the exhaust 
gas. Therefore, since the exhaust gas flowing into the 
NOx absorbem 9 contains a large amount of HC and 
CO, and a small amount Of O2, the NQx absort>ent 9 is 
regenerated in a short time. 

The amount of NOx released from the NQx at>sorb- 
ent 9 becomes larger as the degree of richness of the 
exhaust gas becomes higher (i.e. , the air-fuel ratio of 
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the exhaust gas becomes lower). Therefore, the time 
required for regenerating the NOx absorbent 9 becomes 
shorter as the degree of richness of the exhaust gas 
becomes higher. Further, the time reqiired for regener- 
ating the HOyc absorbent 9 beconws shorter as the s 
amount of NOx absorbed in the NOx absorbent is 
smaller. Therefore, in this embodiment, the regenerat- 
ing operation of the NOx absorbent 9 is conducted at 
intervals of between ten seconds to several minutes, 
and the air-fuel ratio of the exhaust gas is malnlained at to 
about 1 3 (a rich air-fuel ratio) for about 0.5 seconds dur- 
ing the regenerating operation. 

Next, the regenerafing operation of the DPF 7 is 
explained. As explained before, the carbon particles «|ol- 
lectedintheDPF7arebumedbyreacBonwHhthef«>2 »« 
in the exhaust gas in this embodiment Further. NO gen- 
erated by the reaction between the carbon particles and 
NO, is absorbed by the NOx absorbent 9 disposed 
downstream of the DPF 7. Therefore, it is necessary 
that the air-fuel ratio of the exhaust gas dunng the so 
regenerating operation of the DPF 7 is lean. Further, it 
is preferable to maintain the exhaust gas at a high tem- 
perature in Older to promote the contxistion of the car- 
bon particles. Therefore, the additional fuel injechon 
during the exhaust cyde is also performed during the ss 
regenerating operation of the DPF 7 in order to raise ttie 
exhaust gas temperature. The amount of fuel injected 
during the exhaust cyde is detemUned so that the air- 
fuel ratio of the exhaust gas stays lean compared to the 
stoichiometric air-fuel ratio. As explained before, most so 
the fuel injected during the exhaust cyde is discharged 
from the cylinder without being bumed. and this fuel is 
decomposed (oxidized) by the oxidizing catalyst 5. 
Therefore, the exhaust gas is heated by the ooddation of 
the fuel. In this embodiment in order to raise the w 
exhaust gas temperature further, the intake shutter 
valve 6 is dosed to a predetermined degree of opening 
and the electric heater 5a Is activated during the regen- 
erating operation of the DPF 7. Since the amount of 
intake air is reduced by ttie intake shutter valve 6. the « 

temperature of the exhaust gas of the engine becom^ 
higher than the temperature in the normal operation of 
the engine. Further, since the exhaust gas Is heated by 
the electric heater 5a and the combustion of fuel on the 
oxid-izing catalyst 5. high temperature exhaust gas (for 45 
exanple. 400 to 500OC) flows into tine DPF 7. Therefore, 
the carbon partides accumulated in the DPF 7 easily 
react with NOg in the exhaust gas. Thus, the carbon par- 
tides in the DPF 7 are burned and removed from the 
DPF 7 Further, since the air-fuel ratfo of the exhaust so 
gas passing through the DPF 7 is still lean. NO in the 
exhaust gas generated by the reaction between the car- 
bon partides and NOg emitted from the diesel engine 
are absorbed by the NOx absorbent 9. and NOx ("»«>- 
gen oxide) is not released into the atmosphere during 55 
the regenerating operation of the DPF 7. In this embod- 
iment, the regenerating operation of the DPF 7 is con- 
ducted at intervals of between ten minutes to severe^ 
hours. The regeneration of the DPF 7 is accomplished 



in several minutes, and the air-fuel ratio of the exhaust 
gas IS maintained at about 20 (a lean air-fuel ratio) dur- 
ing the regenerating operation. 

The regenerating operation of the NOx absoibert 9 
is conducted at intenrals of between ten seconds to sev- 
eral minutes as explained befora Therefore, the regen- 
erating operation of the NOx absorbent 9 is ateo 
conducted during tiie regenerating operation of the DPF 
7. In this case, the amount of the fuel is increased so 
ttiat the air-fuel ratio of tine exhaust gas becomes rich 
(an air-fuel ratio of about 13) with the intake shutter 
valve 6 being dosed. Therefore, when the regenerating 
operation of the NOx absorbent 9 is conducted during 
ttie regenerating operation of the DPF 7. the NOx 
absorbent 9 is regenerated by the exhaust gas having a 
higher terrperaturettian that during ttie normal regener- 
ating operatioa The reason why the regenerating oper- 
ation of tine NOx absorbent 9 is perlonned even during 
ttie regenerating operation of ttie DPF 7 is explained 

hereniafter. . _ - 

The exhaust gas of ttie diesel engine 1 contains a 
relatively large amount of SOg (sulfur dioxide) gener- 
ated by conixisBon of sulfur in diesel fuel. SOg in ttie 
exhaust gas is oxidized to SO3 (sulfate) by the oxi<fe-ng 
catalyst 5 during the operation of ttie engine 1 . SO3 is 
not collected byttieDPF7andis released to the atmos- 
phere. Furttier. since SO3 is detected as particulate 
matter, if an oxidizing catalyst is disposed in the exhaust 

gas passage of a diesel engine, ttie amount of ttie (ie- 
sel particulates released to ttie atmosphere increases. 

However, in ttiis embodiment the NOx absorbent 9 
is disposed in ttie exhaust gas passage downstream of 
ttie DPF 7. SO3 in ttie exhaust gas Is also absorbed by - 
ttie IMOx absorbent 9 by ttie mechanism same as ttie 
absorption of NOy. and held in ttie NOx absorbent 9 in 
the form of sulfate such as BaSO*. Therefore. SO3 
fomied by ttie oxidizing catalyst 5 and passing ttirough 
ttie DPF 7 is absorbed (collected) by ttie NOx absorbent 
9 in ttiis embodiment Namely, sulfate SO3 in ttie 
exhaust gas. as wen as NO generated by the combus- 
tion of tti e carbon partteles. is removed from ttie exhaust 
gas l>y ttie NOx absorbent 9. 

SO3 absorbed in ttie NOx absorbent 9 is also 
released when ttie air-fuel ratio of ttie exhaust gas 
becomes rich by ttie same mechanism as ttiat which 
releases NOx- However, since ttie sulfate formed in the 
NOx absorbent is more stable ttian ttie ititrate formed by 
NOx a tenperature higher ttian ttie nomial regenerat- 
ing i)peration of ttie NOx absorbent is required to 
release sulfate from the absorbent. Therefore, if ttie nor- 
mal regenerating operation in which only ttie air-fuel 
ratio of ttie exhaust gas is enriched is conducted. suHate 
Is not release from ttie absorbent This causes accumu- 
lation of ttie SO3 In tiie NOx absorbent 9. and eventu- 
ally, causes saturation of NOx absorbent 9 witti SO3. tt 
ttie saturation of NOx absorbent 9 witti ttie a»»o*ed 
SO3 occurs, ttie absorbing capacity of ttie NQx absorb- 
ent for botti SO3 and NOx decreases largely. Therefore, 
ttie NOx absorbent 9 is regenerated at a exhaust gas 
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temperature higher than that in the normal regenerating 
operation during the regenerating operation of the DPF 
7 to release sulfete. as well as NOx. from the MOx 
at)Sorbent 9. By regenerating the NOx absorbent 9 at a 
high exhaust gas temperature, SO3 absort)ed in the 
atisorbent is released in the form of SO2 and theretiy. 
the absortxng capability of the NOx absort}ent 9 is main- 
tained. 

Next, actual regenerating operations of the DPF 7 
and NQx absorbent 9 are explained with reference to 
Rgs. 2 through 4. 

Figs. 2 through 4 are flowcharts explaining embod- 
iments of routines performed by the control circuit 20 for 
controlling regenerating operations of the DPF 7 and 
NOx akjsorbent 9. 

Rg. 2 is a routine for conducting the regenerating 
operations of the DPF 7 and NOx absorbent 9. This rou- 
tine is perfonned at regular intervals. In Fig. 2, at step 
201 . it is determined whether a value of a flag ADPF is 
set to 1. ADPF is a regenerating flag of the DPF 7, and 
the value thereof is set to 1 by the routine in Rg. 3 when 
the concfitions for corxiucting the regenerating operation 
of the DPF 7 are satisfied. If ADPF = 1 at step 201. 
since the regenerating operation of the DPF 7 is 
required, the routine executes step 203 to close the 
intake shutter valve 6 to a predetermined de^ee of 
opening and to activate the electric heater 5a of the oxi- 
dizing catalyst 5. After executing step 203. the routine 
determines at step 205 whether the value of a flag 
ANOX is set to 1. ANOX is a regenerating flag of the 
Npx at)sorbent 9. Similarly to the flag ADPF, the value 
of the flag ANOX is set to 1 in the routine in Rg. 3 when 
the conditions for corxJucting the regenerating operation 
of the Npx absorbent 9 are satisfied. 

If ANOX 1 at step 205. i.e., if only the oorxJitions 
for conducting the regenerating operation of the DPF 7 
are satisfied, and the conditions for conducting the 
regenerating operation of the NOx absorbent 9 are not 
satisfied, the routine proceeds to step 207 to calculate 
the required additional fuel injection amount TAU21 in 
accordance with the engine speed arxi the accelerator 
signal (i*e., tiie amount of depression of the accelerator 
pedaO. The additional fuel injection amount TAU21 rep- 
resents the amount of fuel injected during the exhaust 
cycle of each cylinder in acfefition to the normal fuel 
injection during the compression cyde. TAU21 is deter- 
mined in such a manner tiiat the air-fuel ratio of tiie 
exhaust gas k>eoomes a predetermined lean value (for 
example, atsout 20). More specifically, at step 207. an 
intake air amount Q is determined in accordance with 
the degree of openirig of the intake shutter valve 6 and 
the engine speed, arKi the normal fuel injection amount 
TAU is determined in accordance with the engine speed 
and the accelerator signal, then the value of TAU21 is 
determined in accordance with Q and TAU so that the 
air-fuel ratio of the exhaust gas fc>ecomes a predeter- 
mined lean value (about 20) by the total amount (TAU -i- 
TAU21) of fuel injection. 

At step 209. tiie value of the actual fiiel injection 



amount TAU2 of the additional exhaust cyde fuel injec- 
tion is set to the value TAU21 calculated at step 207. 

When the value of TAU2 is set to TAU21 . an amount 
TAU21 of fuel is injected to each cylinder during its 

5 exhaust cycle by a fuel injection routine (not shown) 
processed by the control circuit 20, and a total amount 
TAU + TAU21 of fuel is supplied to each cylinder in a 
cyde. Thus, the air-fuel ratio of the exhaust gas dis- 
charged from the cylinders becomes a lean value of 

10 about 20. 

In this case, since the intake shutter valve 6 is 
dosed, and since the amount of fuel supplied to the cyl- 
inders is increased by the amount TAU21 , a lean air-fuel 
ratio exhaust gas having temperature higher than tiie 

IS normal temperature, and containing a relatively large 
amount of NO2 generated t>y the oxidizing catalyst 5. 
flows into the DPF 7. Therefore, the carbon partides 
collected by tiie DPF 7 are txirned by NO2 in the 
exhaust gas. i.e.. the DPF 7 is regenerated. Further. NO 

20 generated by the comtxistion of cartx>n partides is 
at>5oriDed by the NOx ak>sorbent 9. 

On the other hand, if AfslOX a 1 at step 205 in Rg. 
2. i.e., if the conditions for regenerating the NQx absorb- 
ent 9. as well as the conditions for regenerating the DPF 

25 7. are satisfied, the routine executes step 215 to calcu- 
late the additional fuel injection amount TAU22 based 
on the engine speed and the accelerator signal in the 
manner similar to that in step 207. However, in this 
case, the value of TAU22 is determined so that tiie air- 

30 fuel ratio of the exhaust gas becomes a predetermined 
rich value (for example, an air-fuel ratio of about 13). 
After calculating the required additional fuel injection 
amount TAU22, the actual value of the additional fuel 
injection amount TAU2 is set to TAU22 at step 21 7 and. 

35 ttiereby, the air-fuel ratio of the exhaust gas discharged 
from the cylinders becomes a predetermined rich value 
(about 13. in tiiis en^xxiiment). In tiiis case, since the 
intake shutter valve 6 is dosed, smd since the amount of 
fuel supplied to the cylinders are largely increased, a 

40 rich air-fuel ratio exhaust gas having a higher tempera- 
ture than that in the normal regenerating operation of 
the DPF 7, arxi containing a relatively large amount of 
HC and CO flows into tiie DPF 7 and NQx absori)ent 9. 
In this condKion. since the amount of O2 contained in 

45 the exhaust gas is very small, the regeneration of tiie 
DPF 7 is temporarily interrupted. However, in this condi- 
tion, since the NQx absorbent 9 is regenerated by this 
rich air-fuel ratio exhaust gas having a high tempera- 
ture, sulfate as well as NOx >^ ^'Px absorbent 9 is 

so released from the at>sorberTt Thus, the NOx absorbent 
9 is completely regenerated, and the absortxng capabil- 
ity of the NOx absort>ent 9 is completely resumed. 

If ADPF ^ 1 at step 201 in Rg. 2, i.e.. if the condi- 
tions for coriducting regenerating operation are not sat- 

55 isfied. the routine executes step 21 1 to open the intake 
shutter valve 6 arxi to deactivate the electric heater 5a. 
Then, at step 213. it is determined whether the value of 
ANOX is set to 1 . If ANOX 1 at step 213. i.e.. if tiie con- 
ditions for conducting tiie regenerating operation of the 
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NOv absorbent 9 are satisfied while the conditiaw for 

conducting the regenerating °P^'^^^lZl!^B 
not satisfied, the value TAU22 is calculated at step215^ 
and the actual value of the additional 
amount TAU2 is set to the calculated >«lue TAU22 at 
step 217. in this case, since the intake shutter vaWe 6is 
opened, and since the electric heater 5a is deactivated, 
a rich air-fuel ratio exhaust gas having a relahvely low 
temperature flows into the DPF 7 and NC^cabso^ert 
Therefore. DPF 7 is not regenerated ^^^^^^J^ 
absort)ent 9 is partially regenerated i.e.. .n the 
NOv absorbent 9 is not released. altt^^Q^N^ 
aSrbed in the NOx absorbent 9 is released and 

reduced. . au-*i,».«. 

K ANOX ^ 1 at step 213 in Rg. 2. i.e.. if both the 
conditions for conducting the regenerating operatons erf 
DPF 7 and the NOx absortjent 9 are not sat«f|ed ihe 
actual value of the additfonal fuel injection amount TAU2 
is set to 0 at step 219. Therefore, in this case, orrty ttie 
nomial fuel injection during the c«Tpr«8«o"^«« 
conducted, and the air-fuel ratio of the exhaust gas 
becomes largely lean. «,-fr,iiaw- 
As explained *ove. in this embodiment, the follow 
ing three Wnds of regenerating opeiatior» are eon- 
Saed by the control circuit 20. Namely. v*en oriy the 
condWons for conducting the regenerating operation of 
STdPF 7 are satisfied, the temperature of the exha^» 
gas is raised by the intake shutter valve 6 and the e^ec- 
Lheater 5a. and the air-fuel ralioofthe«d«i«t^s 

decreased to a lean air-fuel ratio of about 20 by the 
Sional fuel injection. Thus, only Jhe DPF 7 reg^" 
erated. and NO generated from *e DPF 7 and 

passing through the DPF 7 are absorbed by the NOx 
Absorbent 9 and removed from the eidiaust g^ 

When both the conditions for conducting the regerv 
erating operations of the DPF 7 and NOx absorberrt 9 

aTs^iSed. the tenperalure of the exhaust gas is f ur- 
S^tteed ^ the intake shutter valve 6 and by in^eas^ 
ng the amount of the additional fuel in,echon. and *e 
aV-fuel ratio of the exhaust gas fe further deceased 
ISnriSed) to a rich air-fuel ratio of about 13. Thus. *e 
K^Srbent 9 is regenerated cornplj^'yfy^.^ 
an?high temperature exhaust gas and. th«eby. sulfate 
absort)ed in the NOx absorbent 9 is '^easedL^ 

On the other hand, when only the <»nd*ons for 
conducting the regenerating operation <^^^J^ 
absorbent 9 are satisfied, the air-ftj^ ^^.o the 
exhaust gas IS decreased toarfch air-fuel ratK, of aboirt 

13 by the additional fuel injection while keeping ttie 
irtake shutter valve 6 open. Therefore, a relalively taw 
S^raS^exhaust gas of a rich air-fuel ratio f lov«.nto 
rSSTabsorbent 9. and NOx in the absorbent is 
rXased and reduced. How««r. m this cond*on^sul^ 
fate in the NOx absorbent 9 is not released from the 

^iSdetermmation of the conditions for coriducting 
the regenerating operations of the DPF 7 and NOx 
SLSnt 9 is explained. Rg. 3 is afla«C^ jj;^ 
a routine fbr determining the conditions for conducting 



the regenerating operations. This routine is Pf«^ 
by thJcontrol Circuit 20 at 

^s. In this routine, the flags ADPF and ANOX are srt 
to 1 when the respective conditions for conducting the 
4 regenerating operation are satisfied. 

In Rg. 3. steps 301 through 307 are steps for sel- 
ling the value of ADPF , ^ *ho 
^ In this embodiment a cumulative value o**.e 
amount of fuel supplied to the engine 1 is osiaA^ 
,0 ^regeneratingcperationsoftheDPF7««n^ 
«hen the cumulative value reaches predetermmed 
value It is considered that the amount of the carbaa 
articles discharged from the engine is approximately 
^rto^Ttotti amount of fuel bumedjthe^^^ 

,5 S^ly. the cumulative value of the fuel m,ecl»n 
aLurrt is considered to represents the anrjwrt of the 

SSTparticles collected by the DPF 7. Therefore, in 
*is embodiment, ft is considered that the amount rt^- 
bon particles collected by the DPF 7 ^^J^J^ 
« termined value when the <=""^'^^^'^.V'l^ 
iniection amount reaches a predetemimed vafoe. 
rimely. when the cumulative value of the fuel injecton 
reaches a predetermined valuejhefl^^ 
is set to 1 in ordertoconducl the regenerating operation 

'"TRo'icounte.sFDandFNareusedaspa^^ 

ters which represent the cumulative of the fue^ 
injectionamountThevaluesofthecountersFDandFN 

are set by the routine in Rg. 4. The routine mRg- 4 b 
30 processed by the control drcuit 20 at a predetermined 
S^to lnlen«ls. and inaeases the values erf ttie 
SmSrs FD and FN by ttie amount TAU (fuel injection 
amount in ttie normal operation of tt« engine) wery 
jriTe routine ^processed ^l*"^*'^^ 
35 Ra 4). Therefore, the values of tiie counters FD andFN 
S^Spond to ttie cumulative value of ttie fuel injection 

"^ITr^S. at step 301. ft is detemiined whether the 
value of a counter FD exceeds a P^^fT^^^l 
40 FDo.lfFD>FDoatstep301.me>«luerf*eflag^^^^^ 
•is teot at 1 for a predetermined time. Namely, it > 
FDn at step 301 . ttie value of a counter TD is inaea^ 
^lSS307.and ttie value of ttieflagADPFistep^ 

ail until the value of ttie counter TDexceedsapr^^^ 
45 temiined value TDo at steps 309 and 313. Whence 

value c« ttie counter TD becomes larger ttian TDq. me 
SueSthe counter FDi8dearedatstep31l.tij^^^^ 

when ttie routine is next processed. ^^5 
are executed to dear ttie value of ttie counter TD and to 

so SS^ue of ttie flag ADPF to 0. Therefore 

cuting steps 301 ttirough 313, the regenerating op«a- 

tton 3 ttie DPF 7 in which ttie intake shuttle 6 « 
closed and ttie additional fuel injection is P^o^ « 
conducted by ttie routine in Rg. 2 for a edrtennned 
55 time CTDo) every time ttie cumulative value of ttie fuel 

^ifiontiourt^eachesapredetermined^^^^^^ 
ThevakieFDoinstepSOIisttieamountofttiecar- 

bon particles accumulated in ttie ^ ^whj^ ttie 
regen^ating operation should be conducted, and ttie 
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value TDq is the time required for the regenerating oper- 
ation vary in accordance with type and size of DPF 7. It 
is preferat>le to determine the actual values of FDq and 
TDq by experiment using an actual DPR In this emkxxJ- 
iment. for exanple. FDq is set to a value corresponding 5 
to sax IKers of fuel, and TDq is set to a value correspond- 
ing to 180 seconds of time. 

Steps 315 through 327 in Fig. 3 are steps for setting 
the value of the flag ANOX. In this embodiment, simi- 
larly to the flag ADPF. the flag ANOX is set to 1 when the 10 
cumulative value FN reaches a predetermined value 
FNq, and is kept at 1 for a predetermined time TNq 
(steps 315 through 327). 

The amount of NOx generated K}y the engine 1 is 
considered proportional to the amount of fuel burned in is 
the engine. Therefore, the amount of NOx absorbed in 
the NOx absorbent 9 is also considered proportional to 
the cumulative value of the fuel injection amount. There- 
fore, in this emtxxiiment. similarly to the regenerating 
operation of the DPF 7, the regenerating operation of 20 
the NOx absorbent 9 is conducted every time the cumu- 
lative value of the fuel Injection amount reaches a pre- 
determined value. In steps 315 through 327, FN and TN 
are counters similar to the counters FD and TD. respec- 
tively, and FNq and TNq are predetermined threshold 25 
values similar to FDq and TDq. respectively. The actual 
values of FN and TN vary in accordance with type and 
size of NOx absorbent 9. arKi are preferably determined 
by experiments using an actual NQx absort>ent. In this 
embodiment, for example, FNq is set to a value oorre- 30 
sponding 0.2 liters of fuel, and TNq is set to a value cor- 
responding to 0.5 seconds of time. 

By executing steps 315 through 327. tiie regenerat- 
ing operation of tiie NQx absort>ent 9 in which the 
amount of the fuel supplied to the engine is Increased as 
by the additional fuel injection is cofKlucted by the rou- 
tine in Fig. 2 for a predetermined time every time the 
anfK>unt of NOx absorbed in the NOx absorbent 9 
reaches a predetermined value. Further, as explained in 
Rg. 2, the regenerating operation of the NQx absorbent 40 
9 is conducted when the flag ANOX is set to 1 even 
when the regenerating operation of the DPF 7 is being 
cammed out. Therefore, when the regenerating operation 
of the DPF 7 is being corxfucted. the NQx absorbent 9 
is regenerated by the exhaust gas of higher temperature 45 
than that in tiie normal regenerating operation and. 
thereby, the NQx absorbent 9 is regenerated com- 
pletely. 

Rg. 5 is a timing diagram of the regenerating oper- 
ation of DPF 7 and the regenerating operation of the so 
NOx absort^nt 9. Fig. 5 shows a case in which a diesel 
engine having a displacement of 2400 cubic centimeter 
is operated at a speed 2000 RPM and an output torque 
80 newton-meter. In this case, assuming that FDq is six 
liters and that FNq is 0.2 liters, the regenerating opera- ss 
Won of the DPF 7 is repeated at intervals of about 60 
minutes, and the regenerating operation of the NOx 
at>sorbent 9 is repeated at intervals of about 2 minutes 
as shown in Rg. 5. 



Further, if the periods of the regenerating opera- 
tions of the DPF 7 and NQx absorbent 9 (TDq and TNq) 
are set to about 3 minutes and 0.5 seconds, respec- 
tively, the regenerating operation of the NOx absorbent 
9 is always conducted once or twice during the regener- 
ating operatfon of the DPF 7 as shown in Rg. 5. There- 
fore, by setting the timing of the regenerating operations 
of the DPF 7 and NOx absorbent 9. the NOx absorbent 
9 is regenerated periodically by the exhaust gas having 
a temperature higher than that of the normal regenerat- 
ing operatfon and, thereby. SO3 (sulfate) as well as NQx 
is released from the NOx absorbent 9 periodically. Thus, 
the absorbing capacity of NOx absorbent 9 can be 
maintained at a high level. 

Though the additional fuel injection during the 
exhaust cyde is conducted during the regenerating 
operations In the atx>ve emtxxiiment, the additfonal fuel 
may be supplied to the exhaust gas passage direcfly 
during the regenerating operations. In this case, an 
additional fuel injection valve is disposed in the exhaust 
gas passage upstream off the oxidizing catalyst 5, and 
the additional amount of fuel is injected into the exhaust 
gas passage upstream of the oxidizing catalyst 5. 

Further, though the timing of the regenerating oper- 
ations is determined by estimating tiie amount of the 
cartx>n particles accumulated in the DPF 7 and tiie 
amount of NOx absorbed in the NQx absort>ent 9, tiie 
control of the regenerating operation can be simplified 
by conducting the regenerating operations- at regular 
intervals regarcHess of the amount of carbon particles in 
the DPF 7 and the amount of NOx ^a NQx absorbent 
9. ^ 

Next, another enrtxxliment of the present invention 
is explained wrtii reference to Rg. 6. Rg. 6 is a drawing 
similar to Rg. 1 which illustrates another example of a 
device for conducting the method in the present Inven- 
tion. In Rg. 6, reference numerals same as those in Rg. 
1 also designate same elements as those in Fig. 1. The 
device in Rg. 6 is different from the device in Rg. 1 in 
that an NOx redudng catalyst 10 is disposed in the 
exhaust gas downstream of the DPF 7 instead of NQx 
at)sorbent 9 in Fig. 1 . The NOx reducing catalyst 1 0 is a 
catalyst which is capable of redudng NOx the 
exfiaust gas selectively even if the air-fuel ratio of the 
exhaust gas is lean. Namely, though NO in the exhaust 
gas is removed by collecting it by tiie NQx absort>ent 9 
in the previous emtxxiiment NO in tiie exhaust gas is 
directiy reduced by the NQx redudng catalyst 10 in this 
emtxxiiment. 

The NOx reducing catalyst 10 in this embodiment 
has a substrate made of, for exanple. zeolite ZSM-5, 
and metals such as copper Cu and iron Fe are attached 
to the sut>strate by an ion exchange method. Alterna- 
tively, a substrate made of zeolite such as mordenite 
and precious metal such as platinum Pt attached ther- 
eon can also be used as the NOx reducing catalyst 10. 
The NOx redudng catalyst 10 selectively reduces NQx 
In the exhaust gas to N2 when the air-fuel ratio of the 
exhaust gas is lean, by reacting HC and CO with NQx 
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selectiveiy. Namely, the NOx reducing catalyst 10 traps 
HC and CO in the exhaust gas in the pores of the 
porous zeolite, and selectively reduces the NOx 
exhaust gas using trapped HC and CO even H the air- 
fuel ratio of the exhaust gas flowing into the NOx reduc- 
ing catalyst 10 is lean. 

Therelbre. In this embodiment, NOg in the ^haust 
gas generated by the oxidizing reducing catalyst 10 and 
NO generated at DPF 7 during the regoierating opera- 
tion is reduced effectively by the NOx reducing catalyst 
1 0 disposed in the exhaust gas downstream of the DPF 
7. Howe^r, in order to reduce NOx the exhaust gas 
effectively it is required that a proper amount of HC and 
CO are trapped in the NOx reducing catalyst 10. The 
air-fuel ratio of the exhaust gas of a diesel engine is 
considerably lean in the normal operation, and only a 
very small amount of HC and CO are contained In the 
exhaust gas. Therefore, when the normal lean air-fuel 
ratio operation of the diesel engine continues for a cer- 
tain period, HC and CO trapped in the NOx reducing 
catalyst 10 are used up in reducing NOx exhaust 
gas and. thereby, the ability of the NOx reducing cata- 
lyst for reducing NOx becomes low. 

In order to prevent this problem, the air-fuel ratio of 
the exhaust gas is also lowered (enriched) periodically 
in this entxxliment. Namely, the control circuit 20 per- 
forms routines similar to those in Figs. 2 through 4 also 
in this emtKxliment, and controls the air-fuel ratio of the 
exhaust gas to a rich air-fuel ratio by conducting the 
addittonal fuel injection during the exhaust cyde of each 
cylinder. Similarly to the previous erhbodiment, fuel 
injected during the exhaust cyde is oxidized by the oxi- 
dizing catalyst 5 and generates a relatively large 
amount of HC and CO in the exhaust gas. Therefore, a 
proper amount of HC and CO are accumulated 
(trapped) in the NOx reducing catalyst 10. and NOx 
the exhaust gas is reduced by these HC and CO com- 
ponents when the normal operation of the engine is 
resumed. The routines processed by the control circuit 
20 in this embodiment for conducting the regenerating 
operation of the DPF 7 and for accumulating HC and 
CO are substantially the same as tiie routines in Figs. 2 
tfvough 4. Therefore, a detailed explanation thereof are 
not repeated here. 

As explained above, in tiie present invention, the 
diesel particulates from the diesel engine are collected 
by, for example, a DPF. and burned by NO2 in the 
exhaust gas. Further. NO generated by the reaction 
between the cartxjn particles and NO2 passing through 
the DPF 7 are removed from tiie exhaust gas tiy, for 
example, an NOx absorbent or an NOx reducing cata- 
lyst Therefore, according to the present invention, the 
accumulated cartx>n particles can t>e easily removed 
from a DPF witiiout increasing the amount of NQx 
released to the atnK>sphere. 
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engine comprising: 

a step for oxidizing nitrogen monoxide in the 
exhaust gas of a diesel engine into nitrogen 
dioxide, thereby forming nitrogen dioxide in tiie 
exhaust gas; 

a step for collecting carixxi particles contained 
in the exhaust gas; 

a step for reacting nitrogen dioxide in the 
exhaust gas formed by oxidation of nitrogen 
monoxide with the collected carbon particles, 
thereby oxidizir^ tiie collected carbon particles 
by nitrogen dioxide in the exhaust gas arxl, at 
the same time, reducing nitrogen dioxide in 
exhaust gas to nitrogen nrK>noxide; and 
a step for renrioving nitrogen monoxide formed 
by the reaction between nitrogen dioxide and 
the collected cartx>n particles from the exhaust 



A method according to claim 1. wherein said step 
for renrxyvlng nitrogen monoxide from the exhaust 
gas conrprises a step for collecting nitrogen monox- 
ide in the exhaust gas by contacting the exhaust 
gas with an absorbent capat)le of absorbing rtitro- 
gen monoxide in the exhaust gas. 

A method according to claim 1. wherein said step 
for removing nitrogen monoxide from the exhaust 
gas comprises a step for reducing nitrogen monox- 
ide, in the exhaust gas. to nHrogen. 
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Claims 

1. A method for purifying tiie exhaust gas of a diesel 
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